Measurement of cerebral blood flow by the nitrous oxide method before and during intravenous administration of nicotinic acid indicates that cerebral vessels do not respond to this drug. Evidence that contamination of cerebral by extracerebral blood occurs in about 20 per cent of subjects is adduced from the effects of nicotinic acid on the measured cerebral blood flows; studies making use of the intravascular catheter technic to sample internal jugular blood tend to confirm this hypothesis.
T HE NITROUS oxide method for measuring cerebral blood flow, as devised by Kety and Schmidt,' is based on the assumption that the blood collected from a needle placed in the internal jugular bulb is not significantly contaminated by blood from extracerebral sources. This problem was investigated by Shenkin, Harmel and Kety,' who calculated the percentage contamination of internal jugular by extracerebral blood by injecting dye into the external carotid artery and drawing blood samples from the internal jugular bulb and external jugular vein. They concluded that in the 8 subjects studied, an average of only 3 per cent of the blood in the internal jugular bulb is derived from extracerebral sources. These data are useful in studying normal subjects at ordinary room temperatures; they do not help in determining whether contamination has occurred in any given subject. Furthermore, it appeared possible that the frequency and degree of contamination might be different when the vessels of the extracerebral circulation were widely dilated, as following local heating or the administration of various drugs.
Since nicotinic acid produces an intense flushing of the face, scalp, and neck and is thought to produce an increase in blood flow in these areas, this drug was employed with the following objectives in mind: (1) termine the effect of nicotinic acid on the cerebral circulation; (2) to determine the frequency and extent of contamination of internal jugular by extracerebral blood; and (3) to devise a simple test to determine whether contamination had occurred in any given subject.
METHOD
The subjects were chosen at random from the hospital wards and included patients with various disease states, as well as 2 normal subjects. While several of the patients showed evidence of chronic cerebral vascular disease, none were studied immediately after an acute cerebral vascular accident. All the subjects were studied under fasting conditions. The nitrous oxide procedure for measuring the cerebral blood flow has been described in detail by Kety and Schmidt,' and the modification in use in this laboratory of drawing continuous ten minute blood samples simultaneously from the femoral artery and the internal jugular bulb for the determination of the mean arterio-venous nitrous oxide difference has been reported previously,' together with data on values for normal young subjects. The gas mixture used in the determination consisted of 15 per cent N20, 64 per cent N2 and 21 per cent°2. Arterial pressures were measured by the auscultatory method, with the arm held at heart level, every two minutes during the blood flow determination. Mean pressures were calculated from these readings by adding one-third the pulse pressure to the diastolic pressure. Blood oxygen contents were determined by the spectrophotometric method of Hickam and Frayser.4 Glucose was determined by Nelson's photometric adaptation of the Somogyi method.5 Cerebral oxygen utilization, cerebral glucose utilization, and cerebrovascular resistance were calculated as previously described. 1 3 The nicotinic acid was administered intravenously in a normal saline infusion; doses of 300 to 800 mg. in 200 to 300 ml. of saline, over a twenty to twentyfive minute period were used. In all instances, a very pronounced flush was produced over the blush area, with lesser degrees of flushing over other parts of the body. The control blood flow determination was always done prior to the administration of nicotinic acid.
RESULTS
Effect of Nicotinic Acid on the Cerebral Circulation. The data are presented in table 1. Intravenous nicotinic acid in large, flushing doses produced no significant change in any of the cerebral metabolic functions. The relatively large standard errors are the result of the heterogeneity of the population studied. Taken in this way, these nicotinic acid studies are of no great positive value. Examination of figure 1 , however, reveals a finding of interest. This chart plots, for comparison, the individual determinations of cerebral blood flow and A-V 02 difference expressed as percentage change from the control values resulting from the administration of nicotinic acid or procaine block of the stellate ganglion. The latter results are taken from a previous study.6 The spread of the changes occurring from these two procedures (neither of which revealed statistically significant change when considered as a group) are about the same except for the determinations enclosed in the blocks. These subjects showed changes following the administration of nicotinic acid which were strikingly different from the whole group; two of the subjects showed large changes in cerebral blood flow, whereas four had significant changes in A-V 02 difference. The large decreases in A-V 02 difference in these 4 subjects (out of a group of 20) suggest that in approximately one out of 5 persons the cerebral vessels are dilated by the nicotinic acid, or that the internal jugular blood is contaminated by extracerebral blood. The results to be reported strongly support the thesis of extracerebral contamination.
It should be pointed out that within wide limits the oxygen consumption of areas drained by the internal and external jugular veins is not changed by increasing the blood flow. As the calculated blood flow increases, the arteriovenous oxygen difference falls, and the product of the two remains the same. It is important to emphasize that the finding of a constant cerebral oxygen consumption before and after the administration of nicotinic acid does not bear on the question of contamination. It will be noted that blood flow studies before and during nicotinic acid were obtained on only 3 of the 4 subjects in whom the arteriovenous oxygen difference decreased during nicotinic acid. In 2 of these 3, the calculated cerebral blood flow during nicotinic acid increased proportionately and oxygen consumption was not changed. In the one instance in which the calculated blood flow did not increase, the fall in oxygen consumption was 0.8 ml. 02 per minute per 100 Gm. brain, a change which is probably in the range of variation due to technical inaccuracies. As mentioned before, when the patients are considered as a group, there was no significant change in cerebral oxygen consumption.
The Nitroas Oxide and Oxygen Content of
Blood Draining from the Face and Neck. These data are summarized in table 2. The blood flow procedure and calculations were performed in the same way as the cerebral blood flow, except that venous blood was drawn from the external jugular vein or from the internal jugular vein about 5 cm. inferior to the jugular bulb. This gives a value for blood flow which does not represent facial blood flow, as the solubility coefficient for nitrous oxide in the tissues of the face and neck is unknown, and it is doubtful if the facial and neck tissues are homogeneous enough to make the nitrous oxide method applicable. It does indicate the direction of error which results if blood from these tissues are mixed with blood draining from the brain. The nitrous oxide and oxygen contents of the external jugular blood were studied in eight observations on 7 subjects. The calculated average blood flow was 29 ml. per minute per 100 Gm. tissue, less than half of the expected average cerebral blood flow; the average A-V 02 difference was 2.96 volumes per cent, less than half of the expected average cerebral A-V 02 difference. Thus, contamination from facial and neck blood ordinarily gives a falsely low value for cerebral blood flow and cerebral 02 consumption. In 5 subjects given nicotinic acid, the flow calculated from blood in the external jugular vein increased from an average of 29 to 91 ml. per minute per 100 Gm. tissue. (It must be remembered that this does not represent true blood flow, but rather an increase in the nitrous oxide content of the venous blood.) Of these, only two subjects (J. W. and L. 1., table 2) showed an increase to levels that would have caused a significant increase in the cerebral blood flow above normal had this blood been contaminating cerebral venous 1151l 101 0 10 20 30 40 50 60 70 K) qn j blood. The others would have caused only a small increase in the original cerebral blood flow, and might not be recognized because of the errors inherent in the method. The average A-V 02 difference in these 5 subjects fell from 3.0 to 0.9 volumes per cent, and in every instance the change was striking and would blood flow or A-V 02 difference with nicotinic acid, indicating that no contamination was present.
In 3 subjects, a catheter was inserted into the internal jugular vein under fluoroscopic observation to a point 5 cm. inferior to a needle which had been placed in the internal jugular have produced a falsely low A-V 02 difference if this blood had been contaminating cerebral venous blood. The mean oxygen consumption of the tissues drained by the external jugular vein was not altered significantly by the nicotinic acid. In Subject L. J., blood was obtained from the internal jugular bulb simultaneously with that taken from the external jugular vein; there was no change in either cerebral bulb of the same side. Simultaneous samples were taken from the needle and catheter. The position of the catheter was intended to allow it to receive blood from the internal jugular vein at a point inferior to the entrance of the common facial vein into the internal jugular. Blood from the needle should have represented that from the brain, blood from the catheter a mixture of blood from the brain and face.
Nicotinic acid increased the blood flow and decreased the A-V 02 difference when calculated from samples collected by the catheter. In 2 patients, the oxygen content of the blood from the needle was unchanged; in one it rose. In this instance, the assumed contamination from extracerebral blood did not change the calculated flow.
The observations indicate that contamination from extracerebral sources consistently decreases the A-V 02 difference, but has a more variable effect on the nitrous oxide calculation for cerebral blood flow.
DIScUssION
The finding that intravenous nicotinic acid in flushing doses does not produce cerebral vasodilatation indicates that this drug probably has no place in the treatment of cerebral vascular disease unless it possesses some therapeutic action aside from its effect on cerebral vessels. No inferences can be drawvn from these studies, however, concerning the effectiveness of nicotinic acid in the treatment of acute cerebral embolism in young persons, for no such subject was included in these observations. Our findings are in agreement with those of Loman, Rinkel, and Myerson, who showed that intravenous nicotinic acid in doses of 100 to 150 mg. produced no significant changes in the cerebral arteriovenous oxygen difference in 4 cases and no changes in the cerebrospinal fluid pressure in 8 cases. They also showed that intracarotid nicotinic acid did not alter the cerebral arteriovenous oxygen difference. Our findings do not support the observations of Aring and his colleagues,8 who found an increased intracranial blood flow following the administration of nicotinic acid. These workers used the method devised by Ferris9 to measure relative intracranial blood flow; we feel that they did not measure the effect of nicotinic acid on the cerebral vessels, but rather on the vessels of the face. In this method, the skull is used as a type of plethysmograph, and changes in intracranial blood flow are measured by changes in the displacement of spinal fluid through a large needle in the lumbar region. A cuff is applied to the neck with sufficient pressure to prevent venous return from the head; the increased facial flow caused by nicotinic acid could have increased the pressure in the internal jugular system since the common facial vein enters into the internal jugular vein, and the venous return from the face is trapped by the cuff as effectively as the cerebral venous return. The only valves in the internal jugular vein are too far inferior to prevent this transmission of increased pressure into the internal jugular system and thence to the cerebrospinal fluid, thus producing an increased rate of spinal fluid displacement, due to increased facial blood flow, and not related to increased cerebral blood flow.
The observations presented here indicate that a significant amount of contamination of cerebral venous blood by blood from the face or neck, when vasodilatation in the face or neck has not been produced by heat or drugs, would result in a falsely lowcerebral blood flow, A-V 02 difference, and rate of 02 consumption, and a falsely high cerebrovascular resistance. When vasodilatation in the face or neck has been produced, as by the administration of nicotinic acid, extracerebral contamination of cerebral venous blood may then result in a falsely high cerebral blood flow and a falsely low A-V 02 difference. It is also demonstrated that nicotinic acid greatly increases the nitrous oxide content of the blood draining from the face and neck without altering the nitrous oxide content of cerebral venous blood, and therefore not altering cerebral blood flow.
The finding that the nitrous oxide content of blood draining from the external jugular vein (and hence the calculated flowthrough that vein) is not increased by a similar magnitude in different persons, whereas A-V 02 difference is consistently and greatly decreased, is not explained by this study. It is possible that this variation of response by different individuals to nicotinic acid depends upon whether the increased blood flow to the tissues of the face and neckl goes through capillaries or arteriovenous shunts. Increased capillary flow would allowthe nitrous oxide to be absorbed by the tissues and yield a slower rise in the venous nitrous oxide curve than if arterial blood passed directlv into the veins. It is also possible that the individual characteristics of the tissues of the face and neck in different persons may influence the response of the venous nitrous oxide content to nicotinic acid. Finally, it is technically easier to measure changes in A-V 02 difference than in blood flow, and this may well account for some of the disparity.
The consistently decreased A-V 02 difference which results from the administration of nicotinic acid when extracerebral contamination is present offers a useful and simple test for determining the presence of extracerebral contamination in any subject. The patient can be given 150 to 100 mg. of nicotinic acid intravenously to produce flushing of the face, and then another sample can be drawn from the internal jugular bulb for oxygen analysis. If the oxygen content of the blood increases significantly, contamination has occurred. Certainly any observations on the effect of drugs on cerebral metabolism, as measured by the nitrous oxide method, should take into consideration the effects of the drug in question on the circulation in the face and neck.
These data also seem to indicate that extraceiebral contamination of some degree is to be expected in about 20 per cent of the subjects studied by the nitrous oxide technic. Unless facial circulation is greatly increased, as by heat or drugs, the degree of contamination is probably quite small and should rarely affect a series of results. SUMMAIRY AND CONCLUSIONS 1. Intiravenous nicotinic acid in flushing doses produces no change in cerebral blood flow, arteriovenous oxygen and glucose difference, oxygen and glucose consumption, or vascular resistance.
2. The incidence of extracerebral contamination of cerebral venous blood in performing the nitrous oxide procedure for cerebral blood flow is thought to be around 20 per cent. This contamination is usually not of significant magnitude unless the facial circulation is increased by heat or drugs. 3. Significant contamination of cerebral venous blood by facial or neck blood in the resting subject at ordinary room temperature produces falsely low values for cerebral blood flow, A-V 0. difference, and oxygen consump-tion by the nitrous oxide procedure. If contamination occurs when vrasodilatation has been produced in the face and neck by nicotinic acid, a decreased A-V 02 difference will consistently result, and also, in some cases, a falsely high value for cerebral blood flow.
4. For workers who use the nitrous oxide technic for measuring the effects of drugs on the cerebral circulation, a test for contamination of cerebral venous blood by ext racerebral blood is suggested, using nicotinic aci(l as the testing substance.
